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Any question? ■> Use the BRENDA Discussion groups 



&PBINI 



Mark a special word or phrase in this record:! 



Select one or more organism in this record: 

EC NUMBER COMMENTARY 
3.4.24.68 



IDED\ MAME GeneOntology No. 
Tentoxilysin ) GO:0000000 



SYSTEMATIC NAME 
No entries in this field 

SYNONYMS ORGANISBfc-eetthWftf^^ 
More 

Tetanus neurotoxin 



ill.il 


All organism 


| 




Clostridium tetani 








1 Sub 


mil ] 




CAS REGISTRY NUMBER COMMENTARY 
107231-12-9 

REACTION COMMENTARY 

Synaptobrevin + H20 = hydrolyzed synaptobrevin f 

0 Clostridium tetani: structure and mechanism <2, 5, 6> 

REACTION TYPE ORGANISM COMMENTARY LITERATURE 

hydrolysis of peptide bond - 

ORGANISM COMMENTARY LITERATURE 

Clostridium toxigenic strains N391 1 <1>; E 88 (non-sporulating) <3>; Harvard <6>; all toxigenic strains synthesize only 
tetani one type of neurotoxin <5, 6> - ^ 

COMMENTARY/ 

SUBSTRATE PRODUCT ORGANISM Substrate LITERATURE/ COMMENTARY/ LITERATURE/ 

DIAGRAM ^reversible Substrate Product Product 

ir:=irreversible 

no substrates are rat 
<4,5>; or chicken 
<5>; synaptobrevin-1 
(with Val76 instead of 
Gln76) or short 
peptides containing 

IYI ore 9 Clostridium the cleavage site of 

tetani the target protein 4,5,6 

<5,6>; catalytic 
activity requires 
reduction of the 
single interchain 
disulfide bond of the 
neurotoxin <4> 

i.e. VAMP <5,6>; . 
neuronal vesicle- 
associated 



Synaptobrevin Hydrolyzed 
+ H20 synaptobrevin 



Clostridium 
tetani 



membrane protein, 
MW 19000 <4>; with 
2 isoforms in human 
<4>; chicken <5>; or 
rat brain <4,5>; : 
synaptobrevin/VAM P- 
1 and 

synaptobrevin/VAMP- 
2, cleaves at Gln76- 
Phe77, the same site 
as botulin neurotoxin 
B <5,6> 



3,4, 



2 peptide 
fragments, MW 
12000 and MW 
7000 



NATURAL NATURAL REACTION n x> r * m <*M COMMENTARY 
SUBSTRATE PRODUCT DIAGRAM UK ^ ANI5 > M SUBSTRATE 

i.e. VAMP, neuronal 
vesicle-associated 
membrane protein, 
predominantly exposed 
to cytosol <5>; 
neurotoxin blocks 
neurotransmitter 
release in Aplysia 
neurons <4>; tetanus 
neurotoxin receptors 
are located on the 
motor neuron 
plasmalemma at 
neuromuscular 
junction, after binding 
the toxin is internalized 
Synaptobrevin _ Clostridium inside vesicles of 

+ H20 " tetani unknown nature and 

then translocated 
across the vesicle 
membrane <5>; 
enzyme disables 
neuroexocytosis 
apparatus, acts at 
spinal inhibitory 
interneurons, blocking 
release of various 
neurotransmitters to 
produce spastic 
paralysis, clostridial 
neurotoxins are 
described as the most 
toxic substances 
known 



LITERATURE COMMENTARY LITERATURE ORGANISM 
(Substrate) PRODUCT (Product) (Product) 



4,5,6 



COFACTOR ORGANISM COMMENTARY LITERATURE IMAGE 

No entries in this field 



METAL 
IONS 

Cobalt 
Nickel 

Zinc 



ORGANISM COMMENTARY 

zinc-dependent endoproteinase, can replace zinc 
zinc-dependent endoproteinase, can replace zinc 



Clostridium 
tetani 



Clostridium 
tetani 



Clostridium 
tetani 



zinc-dependent endoproteinase <2,4,5,6>; L-chain: form of zinc-endopeptidase, 0.8-1 gatom 
zinc/mol toxin, bound to light or L-chain <6>; 1 atom zinc per molecule toxin, zinc-binding motif: His- 
Glu-X-X-His, nickel or cobalt can replace zinc <5>; toxin surface topography of His-residues <2> 



LITERATURE 

5 

5 

2,4,5,6 



INHIBITORS 



ORGANISM 



Ala-Ser-Gln-Phe-Glu- Clostridium 
Thr-Ser tetani 



COMMENTARY 

synthetic peptide containing cleavage site of synaptobrevin, inhibits toxin 
action on buccal ganglion of Aplysia californica 



LITERATURE IMAGE 

4 •-20= 

~ image 



Clostridium 



• 2D- 



Captoprii 
EDTA 

Gln-Phe-Glu-Thr 
NaOCI 



tetani 

Clostridium 
tetani 

Clostridium 
tetani 

Clostridium 
tetani 



synthetic peptide containing cleavage site of synaptobrevin, inhibits toxin 
action on buccal ganglion of Aplysia californica 

inactivation 



4,5 
4 




ACTIVATING 
COMPOUND 

Proteases 



ORGANISM COMMENTARY 



Clostridium 
tetani 



activation by rapid cleavage within an exposed loop of the single inactive MW 
150000 polypeptide chain and generation of active di-chain neurotoxin <5,6>; 
bacterial <5,6>; or tissue proteases <5> 



LITERATURE IMAGE 



5,6 



KM VALUE [mM] KM VALUE [mM] Maximum SUBSTRATE ORGANISM COMMENTARY LITERATURE IMAGE 

No entries in this field 



Ki VALUE [mM] Ki VALUE [mM] Maximum INHIBITOR ORGANISM COMMENTARY LITERATURE IMAGE 

No entries in this field 



TURNOVER NUMBER TURNOVER NUMBER MAXIMUM SUBSTRATE ORGANISM COMMENTARY LITERATURE IMAGE 

No entries in this field 



SPECIFIC 
ACTIVITY 
[pM/min/mg] 

additional 
information 



SPECIFIC 
ACTIVITY 
MAXIMUM 



ORGANISM COMMENTARY 



LITERATURE 



Clostridium 
tetani 



in neurotoxin-injected Aplysia neurons 4-10 molecules of L-chains are 
sufficient to cause blockade of neurotransmitter release with a t1/2 of 
20-40 min at 20°C 



pH OPTIMUM pH MAXIMUM ORGANISM COMMENTARY LITERATURE 

No entries in this field 



pH RANGE pH RANGE MAXIMUM ORGANISM COMMENTARY LITERATURE 

No entries in this field 



TEMPERATURE OPTIMUM TEMPERATURE OPTIMUM MAXIMUM ORGANISM COMMENTARY LITERATURE 

37 - Clostridium tetani assay at 4,6 

TEMPERATURE RANGE TEMPERATURE MAXIMUM ORGANISM COMMENTARY LITERATURE 

No entries in this field 



SOURCE TISSUE ORGANISM COMMENTARY LITERATURE 
culture supernatant Clostridium tetani - 6 

LOCALIZATION ORGANISM COMMENTARY GeneOntology No. LITERATURE 

cytosol Clostridium tetani accumulates until bacterial lysis GO:0005829 5 , 6 

ACCESSION CODE ENTRY NAME ORGANISM NO. OF AA MOLECULAR WEIGHTfDaJ SOURCE Sequence 

No entries in this field 



PDB ORGANISM 
1A8D , download Clostridium tetani 



1AF9, download Clostridium tetani 

1PFQ , download Clostridium tetani 

1DIW . download Clostridium tetani 

1PLL . download Clostridium tetani 

1FV2 , download Clostridium tetani 

MOLECULAR MOLECULR WEIGHT nc?r , AKllQM rnuuPmDY 

WEIGHT MAXIMUM ORGANISM COMMENTARY LITERATURE 

150700 - tetanT'^™ Clostridium tetani, calculated from amino acid sequence 6 

additional Clostridium amino acid sequence homologies between tetanus toxin TeNT 

information " tetani and botulinum toxins BoNT/A, B and E ~ 

SUBUNITS ORGANISM COMMENTARY LITERATURE 

Clostridium the enzvrne consists of a heavy (H) chain and a light (L) chain <2,3>; held together by a single 
More tetanj disulfide bond and non-covalent forces <2>; MW 52288 (L-chain) and MW 98300 (H-chain), 2 , 3 

calculated from amino acid sequence <3> 

POSTTRANSLATIONAL MODIFICATION ORGANISM COMMENTARY LITERATURE 

No entries in this field 

Crystallization/COMMENTARY ORGANISM LITERATURE 

No entries in this field 

pH STABILITY pH STABILITY MAXIMUM ORGANISM COMMENTARY LITERATURE 

No entries in this field 

TEMPERATURE STABILITY TEMPERATURE STABILITY MAXIMUM ORGANISM COMMENTARY LITERATURE 

No entries in this field 

GENERAL STABILITY ORGANISM LITERATURE 

No entries in this field 

ORGANIC SOLVENT ORGANISM COMMENTARY LITERATURE 

No entries in this field 

OXIDATION STABILITY ORGANISM LITERATURE 
Clostridium tetani 6 

STORAGE STABILITY ORGANISM COMMENTARY LITERATURE 

-80°C, in 10 mM HEPES buffer, pH 7.2, 50 mM NaCI, after freezing in liquid N2, stable Clostridium tetani - 6 

Purification/COMMENTARY ORGANISM LITERATURE 

single-chain, two-chain and L-chain form <6>; very toxic! Booster injection of tetanus toxoid before starting Clostridium 
research with tetanus toxin advisable, human anti-tetanus neurotoxin antibodies available <6> tetani - ' - 

Cloned/COMMENTARY ORGANISM LITERATURE 

Clostridium tetani <1,3>; expressed in Escherichia coli JM101 using three different plasmid vectors <3> Clostridium tetani 1 , 3 



ENGINEERING ORGANISM COMMENTARY LITERATURE 

No entries in this field 



Renatured/COMMENTARY ORGANISM LITERATURE 

No entries in this field 



APPLICATION ORGANISM COMMENTARY LITERATURE 

No entries in this field 

DISEASE TITLE OF PUBLICATION LINK TO PUBMED 

No entries in this field 



REF. AUTHORS 

. Fairweather, N.F.; 

- Lyness, V.A. 

Rossetto, O.; Schiavo, 
2 G.; Polverino de 

- Laureto, P.; Fabbiani, 
S.; Montecucco, C. 

Eisel, U.; Jarusch, W.; 
Goretzki, K.; 
* Henschen, A.; Engels, 

- J.; Weller, U.; Hudel, 
M.; Habermann, E.; 
Niemann, H. 

Schiavo, G.; 
Benfenati, F.; Poulain, 

4 B.; Rossetto, O.; 

- Polverino de Laureto, 
P.; DasGupta, B.R.; 
Montecucco, C. 

5 Montecucco, C; 
a Schiavo, G. 

R Schiavo, G.; 

- Montecucco, C. 



TITLE 

The complete nucleotide Nucleic 
sequence of tetanus toxin Acids Res. 

Surface topography of 
histidine residues of 
tetanus toxin probed by 
immobilized -metal-ion 
affinity chromatography 

Tetanus toxin: primary 
structure, expression in E. 
coli, and homology with 
botulinum toxins 



JOURNAL VOL PAGES YEAR ORGANISM COMMENTARY 



Biochem. 
J. 



EMBO J. 



Tetanus and botulinum-B 
neurotoxins block 
neurotransmitter release by 
proteolytic cleavage of 
synaptobrevin [see 
comments] 

Mechanism of action of 
tetanus and botulinum 
neurotoxins 

Tetanus and botulism 
neurotoxins: isolation and 
assay 



Nature 



Mol. 

Microbiol. 

Methods 
Enzymol. 



14 



7809- 
7813 



285 9-12 



2495- 
2502 



359 



13 



248 



832- 
835 



1-8 



643- 
652 



1986 



1992 



1986 



1992 



Clostridium 
tetani 



Clostridium 
tetani 



Clostridium 
tetani 



Clostridium 
tetani 



LINK TO 
PUBMED 



> PubMed 



> PubMed 



i PubMed 



H^nvi Clostridium 

1994 tetani review 



, mc Clostridium 
1995 . . review 
tetani 



' PubMed 



i PubMed 



I PubMed 



LINKS TO OTHER DATABASES (specific for EC-Number 3.4.24.68) 
ExPASy 

Online Mendelian Inheritance in Man 
KEGG 

NCBI: PubMed , Protein , Nucleotide , Structure , Genome , OMIM , Domains 
1UBMB Enzyme Nomenclature 
WIT database 
EMP Project 

PDB database(3D structure) 

PROSITE Database of protein families and domains 
SYSTERS 

Protein Mutant Database 



Any question? -> Use the BRENDA Discussion groups 
Mark a special word or phrase in this record: 



PRINT 



Select one or more organism in this record: 
COMMENTARY 



All organism 
Clostridium barati 
Clostridium botulinum 
Clostridium butyricum 
Clostridium sp. 




COMMENDED NAME GeneOntology No. 
Bontoxilysin / GO:0000000 



SYSTEMATIC NAME 

No entries in this field 



! Submit 



SYNONYMS 


ORGANISM COMMENTARY LITERATURE 


BoNT 




BoNT/B 


SwissProt 


BoNT/C1 


SwissProt 


BoNT/D 


SwissProt 


BoNT/E 


SwissProt 


BoNT/F 


SwissProt 


BoNT/G 


SwissProt 


Bontoxilysin C1 


SwissProt 




otulinum neurotoxir 
or 



cf. EC 3.4.24.68 



CAS REGISTRY NUMBER COMMENTARY 
107231-12-9 



REACTION COMMENTARY 
Protein + H20 = hydrolyzed 



protein 



Clostridium botulinum: mechanism <4>; Clostridium botulinum, Clostridium barati, Clostridium butyricum: 
structure/function relationship <5> 



REACTION TYPE ORGANISM COMMENTARY LITERATURE 

hydrolysis of peptide bond 



ORGANISM 

Clostridium 
barati 

Clostridium 
botulinum 

Clostridium 
butyricum 



COMMENTARY 



LITERATURE 
5 



strains 62A (serotype A) or Beluga (serotype E) <10>; type G strain <15>; 7 serologically different 

neurotoxin types: BoNT/A-G <2, 3, 5, 6>; serotypes BoNT/A, BoNT/B <1, 4, 8, 15>; BoNT/C ( BoNT/D <15>; 1-10 , 12 , 15 
BoNT/E<1,4, 8> 



Clostridium s p serotypes BoNT/A, B, D, E <13>; F <13, 14> 



6 ,11,13 
14 



COMMENTARY/ 



SUBSTRATE PRODUCT 



LITERATURE/ COMMENTARY/ LITERATU 
Substrate Product Product 



More 



Clostridium 
botulinum 



More 



More 



A 



Clostridium 
barati 



Clostridium 
butyricum 



More 



Clostridium 
sp. 



Proteins of 
neuroexocytosis ? 
apparatus + H20 

Proteins of 
neuroexocytosis ? 
apparatus + H20 

Proteins of 
neuroexocytosis ? 
apparatus + H20 

Proteins of 
neuroexocytosis ? 
apparatus + H20 

Recombinant Hydrolyzed 
glutathione S- recombinant 
methyltransferase glutathione S- 



Clostridium 
botulinum 

Clostridium 
barati 

Clostridium 
butyricum 

Clostridium 
sp. 



Clostridium 



catalytic activity 
requires reduction of 
the single interchain 
disulfide bond of the 
neurotoxin <4,15>; 
activating protease 
activity is localized on 
light or L-chain of 
neurotoxin <4>; the 
clostridial neurotoxins 
differ from other 
proteases in the 
recognition of the 
tertiary structure of the 
target rather than the 
sequence of the peptide 
bond to be cleaved 
<15>; neuroparalytic 
activity tested by 
intravenous injection 
into Balb/c mice <1>; no 
hydrolysis of short 
peptides spanning the 
respective cleavage 
sites of the target 
proteins <5,6>; 
synaptotagmin, 
synaptophysin <15> 

no hydrolysis of short 
peptides spanning the 
respective cleavage 
sites of the target 
proteins <5> 

no hydrolysis of short 
peptides spanning the 
respective cleavage 
sites of the target 
proteins <5> 

the botulinum 
neurotoxins are divided 
into two groups: the A-E 
type and the B-D-F- 
tetanus toxin type <13>; 
no hydrolysis of short 
peptides spanning the 
respective cleavage 
sites of the target 
proteins <6>; N- 
ethylmaleimide 
sensitive factor (i.e. 
NSF), alpha/beta-SNAP 
or gamma-SNAP <13> 



1,4,5,6, 
15 



6 ,13 



2,3,5,6 



15 



2 proteolytic 
fraaments. MW 



15 



VAMP-2 fusion 
protein + H20 



methyltransferase 
VAMP-2 fusion protein 



botulinum 



36000 and MW 
6000 



Synaptobrevin + 
H20 



Hydrolyzed 
synaptobrevin 



Clostridium 
botulinum 



i.e. VAMP <5,6,12,15>; 
synaptic vesicle- 
associated membrane 
protein <4,6,15>; MW 
19000 <4>; two 
isoforms in human <4>; 
chicken <5>; or rat 
brain <4,5>; : 
synaptobrevinA/AMP-1 
(VAMP-1 from chicken, 
Clostridium 
botulinum,5#Clostridium 
barati,o#Clostridium 
butyricum# <5> or rat 
brain, Clostridium 
botulinum, n#Clostridium 
barati,l#Clostridium 
butyricum# <4, 5> 
carrying Val76 instead 
ofGln76 is not 
hydrolyzed by serotype 
BoNT/B, Clostridium 
botulinum,o#Clostridium 
barati,i#Ciostridium 
butyricum# <4, 5>) 
<4,5,15>; and 
synaptobrevinA/AMP-2 
<4,5,6,15>; both 
isoforms are cleaved at 
the same rate <15>; 
highly specific 
neurotoxins <4 I 5,6,15>; 
serotype BoNT/B: 
cleavage at Ser-Gln-+- 
Phe-Glu (at the same 
site as the tetanus 
neurotoxin) <5>; or 
Gln76-Phe77 <4>; or 
Gln-Lys-+-Leu-Ser <5>; 
or-Asp-Gln-+-Lys-Leu- ( 
serotype BoNT/G: 
cleavage at Ala83- 
Ala84 (VAMP-1), Ala81- 
Ala82 (VAMP-2) <15>; 
or Ser-Ala-+-Ala-Lys 
<5>; hydrolyzed by 
serotypes BoNT/B 
<4,5,6>; D, F or G 
<5,6>; in vitro, in 
synaptosomes and in 
injected Aplysia 
neurons <5>; no 
substrate of serotype 
BoNT/AorE <4,12>; 
the term -+- depicts the 
points of cleavage 



4,5,6, 15 



2 proteolytic 
fragments, MW 
12000 and MW 
7000 <4>; MW 
13000 and MW 
6000 <15> 



4, 15 



i.e. VAMP <6,13,14>; 
synaptic vesicle- 
associated membrane 
protein <6,13,14>; : 
sy na ptobrevi nA/AM P- 1 
(VAMP-1 from chicken, 
Clostridium 
botulinum.tClostridium 
barati, ^Clostridium 
butyricum# <5> or rat 
brain, Clostridium 
botulinum,y#Clostridium 
barati , n#C lostridiu m 
butyricum# <4, 5> 
carrvina Val76 instead 



Synaptobrevin + 
H20 



Hydrolyzed 
synaptobrevin 



Synaptobrevin + 
H20 



Hydrolyzed 
synaptobrevin 



of Gln76 is not 
hydrolyzed by serotype 
BoNT/B, Clostridium 
botulinum,r#Clostridium 
barati,n#Clostridium 
butyricum# <4, 5>) 
<13>; and 

synaptobrevin/VAMP-2 
<6,13>; both isoforms 
are cleaved at the same 
Clostridium rate <1 3,1 4>; highly 
sp. specific neurotoxins 

<6,13,14>; serotype 
BoNT/D: cleavage at 
Lys61-Leu62 <13>; 
serotype BoNT/F: 
cleavage at Gln-Lys 
<14>; hydrolyzed by 
serotypes BoNT/B <6>; 
D, F or G <6>; the term 
-+- depicts the points of 
cleavage 

i.e. VAMP <5>; chicken 
<5>; or rat brain <5>; : 
synaptobrevinA/AMP-1 
(VAMP-1 from chicken, 
#Clostridium 
botulinum,k#Clostridium 
barati, #Clostridium 
butyricum# <5> or rat 
brain, Clostridium 
botulinum,o#Clostridium 
barati,m#Clostridium 
butyricum# <4, 5> 
carrying Val76 instead 
of Gln76 is not 
hydrolyzed by serotype 
BoNT/B, Clostridium 
botulinum^Clostridium 
barati, e#Clostridium 

Clostridium butyricum# <4, 5>) <5>; 

barati and 

synaptobrevinA/AMP-2 
<5>; highly specific 
neurotoxins <5>; 
serotype BoNT/B: 
cleavage at Ser-Gln-+- 
Phe-Glu (at the same 
site as the tetanus 
neurotoxin) <5>; or Gln- 
Lys-+-Leu-Ser <5>; or 
Ser-Ala-+-Ala-Lys <5>; 
hydrolyzed by 
serotypes BoNT/B <5>; 
D, F or G <5>; in vitro, 
in synaptosomes and in 
injected Aplysia 
neurons <5>; the term - 
+- depicts the points of 
cleavage 



6,13, 14 



MW 8000 and 
MW 9000 <13> 



i.e. VAMP <5>; chicken 
<5>; or rat brain <5>; : 
synaptobrevinA/AM P- 1 
(VAMP-1 from chicken, 
Clostridium 
botulinum.dClostridium 
barati, dClostridium 
butyricum# <5> or rat 
brain, Clostridium 
botu I i n u m , i#C lostrid i u m 
barati, iCIostridium 
butyricum# <4, 5> 
carryinp Val76 instead 



Synaptobrevin + 
H20 



Hydrolyzed 
synaptobrevin 



Clostridium 
butyricum 



Synaptosome- 
associated 
protein + H20 



Hydrolyzed 
synaptosome- 
associated protein 



Clostridium 
botulinum 



Synaptosome- 
associated 
protein + H20 



Hydrolyzed 
synaptosome- 
associated protein 



Clostridium 
barati 



Synaptosome- 
associated 
protein + H20 



Hydrolyzed 
synaptosome- 
associated protein 



Clostridium 
butyricum 



of Gln76 is not 
hydrolyzed by serotype 
BoNT/B, Clostridium 
botulinum, u#Clostridium 
barati, u#Clostridium 
butyricum# <4, 5>) <5>; 
and 

synaptobrevinA/AMP-2 
<5>; highly specific 
neurotoxins <5>; 
serotype BoNT/B: 
cleavage at Ser-Gln-+- 
Phe-Glu (at the same 
site as the tetanus 
neurotoxin) <5>; or Gln- 
Lys-+-Leu-Ser <5>; or 
Ser-Ala-+-Ala-Lys <5>; 
hydrolyzed by 
serotypes BoNT/B <5>; 
D, F or G <5>; in vitro, 
in synaptosomes and in 
injected Aplysia 
neurons <5>; the term - 
+- depicts the points of 
cleavage 

i.e. SNAP 25, protein of 
presynaptic membrane 
<5>; MW 25000 <5>; 
native and recombinant 
protein <12>; highly 
specific neurotoxins 
<12>; serotype BoNT/A: 
cleavage at Gln197- 
Arg198 <12>; or Asn- 
Gln-+-Arg-Ala <5>; 
serotype BoNT/E: 
cleavage at Arg180- 
Ile181 <12>; or Asp- 
Arg-+-lle-Met <5>; 
serotype BoNT/A and E 
<5,6,12>; in vitro, in 
isolated synaptosomes 
<5,12>; and in injected 
Aplysia neurons <5>; 
no substrate of serotype 
BoNT/G <15>;the term- 
+- depicts the points of 
cleavage 

i.e. SNAP 25, protein of 
presynaptic membrane 
<5>; MW 25000 <5>; or 
Asn-Gln-+-Arg-Ala <5>; 
or Asp-Arg-+-lle-Met 
<5>; serotype BoNT/A 
and E <5>; in vitro, in 
isolated synaptosomes 
<5>; and in injected 
Aplysia neurons <5>; 
the term-+- depicts the 
points of cleavage 

i.e. SNAP 25, protein of 
presynaptic membrane 
<5>; MW 25000 <5>; or 
Asn-Gln-+-Arg-Ala <5>; 
or Asp-Arg-+-lle-Met 
<5>; serotype BoNT/A 
and E <5>; in vitro, in 
isolated synaptosomes 
<5>; and in injected 
Aplysia neurons <5>; 
the term~+- depicts the 
points of cleavage 



5 ,6, 12 



2 proteolytic 
fragments, MW 
20500 and MW 
3000 (serotype 
BoNT/E) or MW 
22500 and MW 
1000 (serotype 
BoNT/A) 



2 proteolytic 
fragments, MW 
20500 and MW 
3000 (serotype 
BoNT/E) or MW 
22500 and MW 
1000 (serotype 
BoNT/A) 



2 proteolytic 
fragments, MW 
20500 and MW 
3000 (serotype 
BoNT/E) or MW 
22500 and MW 
1000 (serotype 
BoNT/A) 



Synaptosome- Hydrolyzed 
associated synaptosome- 
protein + H20 associated protein 



Syntaxin + H20 ? 



Syntaxin + H20 ? 



Syntaxin + H20 ? 



Syntaxin + H20 ? 



Clostridium 
sp. 



Clostridium 
botulinum 



Clostridium 
barati 



Clostridium 
butyricum 



Clostridium 
sp. 



i.e. SNAP 25, protein of 
presynaptic membrane 
<13>; serotype BoNT/A 
and E <6,13>; the term- 
+- depicts the points of 
cleavage 



6 , 13 



2 proteolytic 
fragments, MW 
20500 and MW 
3000 (serotype 
BoNT/E) or MW 
22500 and MW 
1000 (serotype 
BoNT/A) 



serotype BoNT/C 
<5 t 6>; in vitro, in 
synaptosomes and in 
injected Aplysia 5,6 
neurons <5>; no 
substrate of serotype 
BoNT/G <15> 

serotype BoNT/C <5>; 
in vitro, in 

synaptosomes and in 5 
injected Aplysia 
neurons <5> 

serotype BoNT/C <5>; 
in vitro, in 

synaptosomes and in 5 
injected Aplysia 
neurons <5> 

serotype BoNT/C <6> 6 



NATURAL 
SUBSTRATE 



NATURAL REACTION 
PRODUCT DIAGRAM 



ORGANISM 



Neuroexocytosis 
multi-subunit 
complex + H20 



Clostridium 
botulinum 



COMMENTARY 
SUBSTRATE 

involved in limited 
hydrolysis of 
proteins of the 
neuroexocytosis 
apparatus, blocks 
release of 
neurotransmitter 
acetylcholine at 
neuromuscular 
junction <5>; 
causing flaccid 
paralysis, in contrast 
to spastic paralysis 
caused by EC 
3.4.24.68, three 
functionally distinct 
domains: domain L 
blocks 

neuroexocytosis, 
domain HN governs 
cell penetration, 
domain HC 
responsible for 
neurospecific 
binding <5,6>; 
neurotoxin binds 
specifically to nerve 
cells, botulin 
neurotoxin-receptors 
are located on the 
motor neuron 
plasmalemma at 
neuromuscular 
junctions, neurotoxin 
binds via protein and 
lipid interaction, after 
binding it is 
internalized inside 
vesicles of unknown 
nature 



LITERATURE COMMENTARY LITERATURE ORGANISM 
(Substrate) PRODUCT (Product) (Product) 



5,6 



Neuroexocytosis Clostridium 
multi-subumt - n . . 

complex + H20 « Daratl 



Neuroexocytosis ~ , ... 

multi-subunit - n Clostnd.um 

complex + H20 ^ butyncum 



involved in limited 
hydrolysis of 
proteins of the 
neuroexocytosis 
apparatus, blocks 
release of 
neurotransmitter 
acetylcholine at 
neuromuscular 
junction <5>; 
causing flaccid 
paralysis, in contrast 
to spastic paralysis 
caused by EC 
3.4.24.68, three 
functionally distinct 
domains: domain L 
blocks 

neuroexocytosis, 
domain HN governs 
cell penetration, 
domain HC 
responsible for 
neurospecific 
binding <5>; 
neurotoxin binds 
specifically to nerve 
cells, botulin 
neurotoxin-receptors 
are located on the 
motor neuron 
plasmalemma at 
neuromuscular 
junctions, neurotoxin 
binds via protein and 
lipid interaction, after 
binding it is 
internalized inside 
vesicles of unknown 
nature 

involved in limited 
hydrolysis of 
proteins of the 
neuroexocytosis 
apparatus, blocks 
release of 
neurotransmitter 
acetylcholine at 
neuromuscular 
junction <5>; 
causing flaccid 
paralysis, in contrast 
to spastic paralysis 
caused by EC 
3.4.24.68, three 
functionally distinct 
domains: domain L 
blocks 

neuroexocytosis, 
domain HN governs 
cell penetration, 
domain HC 
responsible for 
neurospecific 
binding <5>; 
neurotoxin binds 
specifically to nerve 
cells, botulin 
neurotoxin-receptors 
are located on the 
motor neuron 
plasmalemma at 
neuromuscular 
junctions, neurotoxin 



Neuroexocytosis 
multi-subunit 
complex + H20 



Clostridium 
sp. 



Synaptobrevin + 
H20 



Synaptobrevin + 
H20 

Synaptobrevin + 
H20 

Synaptobrevin + 
H20 

Synaptosome- 
associated 
protein + H20 

Synaptosome- 
associated 
protein + H20 

Synaptosome- 
associated 
protein + H20 

Synaptosome- 
associated 
protein + H20 



Clostridium 
botulinum 



Clostridium 
barati 

Clostridium 
butyricum 

Clostridium 
sp. 

Clostridium 
botulinum 



Clostridium 
barati 



Clostridium 
butyricum 



Clostridium 
sp. 



binds via protein and 
lipid interaction, after 
binding it is 
internalized inside 
vesicles of unknown 
nature 

causing flaccid 
paralysis, in contrast 
to spastic paralysis 
caused by EC 
3.4.24.68, three 
functionally distinct 
domains: domain L 
blocks 

neuroexocytosis, 
domain HN governs 
cell penetration, 
domain HC 
responsible for 
neurospecific 
binding <6>; 
neurotoxin binds 
specifically to nerve 
cells, botulin 
neurotoxin-receptors 
are located on the 
motor neuron 
plasmalemma at 
neuromuscular 
junctions, neurotoxin 
binds via protein and 
lipid interaction, after 
binding it is 
internalized inside 
vesicles of unknown 
nature 

i.e. VAMP <5,6,12>; 
synaptic vesicle- 
associated 
membrane protein, 
neurotoxin 
responsible for 
human and animal 
botulism <12> 

i.e. VAMP <5> 



i.e. VAMP <5> 



i.e. VAMP <6> 

i.e. SNAP 25, 
protein of 
presynaptic 
membrane 

i.e. SNAP 25, 
protein of 
presynaptic 
membrane 

i.e. SNAP 25, 
protein of 
presynaptic 
membrane 

i.e. SNAP 25, 
protein of 
presynaptic 
membrane 



4,5,6,12 



11 



COFACTOR ORGANISM COMMENTARY LITERATURE IMAGE 

No entries in this field 



METAL 
IONS 

More 
More 



Zinc 



Zinc 



Zinc 



Zinc 



ORGANISM COMMENTARY 



LITERATURE 



Clostridium 
botulinum 

Clostridium 
sp. 



Clostridium 
botulinum 



Clostridium 
barati 

Clostridium 
butyricum 



Clostridium 
sp. 



14 



1,4,5 
10 , 12 , 



6 , 
15 



no involvement of cobalt, copper, iron, manganese or nickel, atomic absorption spectroscopy 

no involvement of cobalt, copper, iron, manganese or nickel, atomic absorption spectroscopy 

zinc-dependent endopeptidase (serotype BoNT/B, Clostridium botulinum,t#Clostridium sp.# <4, 6>) 
<4,6,12,15>; atom absorption spectroscopy <1,5,6>; : 1 atom of zinc per molecule botulinum 
neurotoxin (MW 150000, of serotypes A, B and E, each in 2-chain form, Clostridium botulinum# 
<1>), bound to light chain (i.e. L-chain) <5>; the L-chain of BoNT/B is a form of zinc-endopeptidase 
<6>; 0.8-1 gatom zinc/mol neurotoxin <6>; contains zinc binding motif of metalloendopeptidases His- 
Glu-X-X-His <1,5,15>; or His223-Glu-Leu-lle-His-X-X-His230 <10>; activation requires reduction of 
interchain disulfide bond <4,15> 

atom absorption spectroscopy <5>; : 1 atom of zinc per molecule botulinum neurotoxin (MW 150000, 
of serotypes A, B and E, each in 2-chain form, Clostridium botulinum# <1>), bound to light chain 5 
(i.e. L-chain) <5>; contains zinc binding motif of metalloendopeptidases His-Glu-X-X-His <5> 

atom absorption spectroscopy <5>; : 1 atom of zinc per molecule botulinum neurotoxin (MW 150000, 
of serotypes A, B and E, each in 2-chain form, Clostridium botulinum# <1 >), bound to light chain 5 
(i.e. L-chain) <5>; contains zinc binding motif of metalloendopeptidases His-Glu-X-X-His <5> 

zinc-dependent endopeptidase (serotype BoNT/B, Clostridium botulinum.nClostridium sp.# <4, 6>) 

<6,13,14>; atom absorption spectroscopy <6,14>; : 1 atom of zinc per molecule botulinum neurotoxin 

(MW 150000, of serotypes A, B and E, each in 2-chain form, Clostridium botulinum# <1>), bound to 6 , 13 , 14 

light chain (i.e. L-chain) <14>; the L-chain of BoNT/B is a form of zinc-endopeptidase <6>; 0.8-1 

gatom zinc/mol neurotoxin <6> 



INHIBITORS 
1,10-Phenanthroline 

1 ,1 0-Phenanthroline 

Ala-Ser-Gln-Phe-Glu- 
Thr-Ser 

Captopri! 

Captopril 

Captopril 

Captopril 

Dipicolinic acid 

EDTA 

EDTA 

Gln-Phe-Glu-Thr 



ORGANISM 

Clostridium 
botulinum 



COMMENTARY 



Clostridium sp. r, Zn2+ restores <14> 



Clostridium 
botulinum 

Clostridium 
botulinum 

Clostridium 
barati 

Clostridium 
butyricum 

Clostridium sp. 

Clostridium 
botulinum 



serotype BoNT/B <4> 



Clostridium 
botulinum 



r, Zn2+ restores <1>; serotype BoNT/B <4> 
Clostridium sp. r, Zn2+ restores <14> 



LITERATURE 
1 , 15 

14 



synthetic peptide containing cleavage site of synaptobrevin, inhibits toxin 
action on buccal ganglion of Aplysia californica, serotype BoNT/B, not A or 4 



4, 5 ,15 

5 

5 

13 , 14 



1,4,15 
13, 14 



Clostridium 
botulinum 



synthetic peptide containing cleavage site of synaptobrevin, inhibits toxin 
action on buccal ganglion of Aplysia californica, serotype BoNT/B, not A or 4 



IMAGE 

•_2D- 

image 

• 2D- 

image 

• 2D- 

image 

• 2D- 

image 

• 2D- 

image 

• 2D- 

image 

• 2D- 

image 

• 2D- 

image 

• 2D- 

image 

• 2D- 

image 

• 2D- 

image 



ACTIVATING 
COMPOUND 

Proteases 
Proteases 



ORGANISM COMMENTARY 

Clostridium activation by rapid cleavage of MW 150000 polypeptide chain and generation 

botulinum of active di-chain neurotoxin <5,6>; bacterial or tissue proteases <5> 

Clostridium activation by rapid cleavage of MW 150000 polypeptide chain and generation 

barati of active di-chain neurotoxin <5>; bacterial or tissue proteases <5> 



LITERATURE IMAGE 



5.6 



p Clostridium activation by rapid cleavage of MW 1 50000 polypeptide chain and generation 

ro eases butyricum of active di-chain neurotoxin <5>; bacterial or tissue proteases <5> 

Proteases Clostridium sp. ^tivation by rapid cleavage of MW 1 50000 polypeptide chain and generation 

^■u^u.u.um of actlve di-chain neurotoxin <6> 



KM VALUE [mM] KM VALUE [mM] Maximum SUBSTRATE ORGANISM COMMENTARY LITERATURE IMAGE 

No entries in this field 



Ki VALUE [mM] Ki VALUE [mM] Maximum INHIBITOR ORGANISM COMMENTARY LITERATURE IMAGE 

No entries in this field 

TURNOVER NUMBER TURNOVER NUMBER MAXIMUM SUBSTRATE ORGANISM COMMENTARY LITERATURE IMAGE 

No entries in this field 



SPECIFIC ACTIVITY 

[uM/min/mg] SPECIFIC ACTIVITY MAXIMUM ORGANISM COMMENTARY LITERATURE 

No entries in this field 



pH OPTIMUM pH MAXIMUM ORGANISM COMMENTARY LITERATURE 

No entries in this field 

pH RANGE pH RANGE MAXIMUM ORGANISM COMMENTARY LITERATURE 

No entries in this field 

TEMPERATURE OPTIMUM TEMPERATURE OPTIMUM MAXIMUM ORGANISM COMMENTARY LITERATURE 

37 - Clostridium botulinum assay at 4,6,12,15 

37 - Clostridium sp. assay at 6,13,14 

TEMPERATURE RANGE TEMPERATURE MAXIMUM ORGANISM COMMENTARY LITERATURE 

No entries in this field 



SOURCE TISSUE ORGANISM COMMENTARY LITERATURE 

No entries in this field 



LOCALIZATION ORGANISM COMMENTARY GeneOntology No. LITERATURE 

cytosol Clostridium botulinum accumulates until bacterial lysis GO:0005829 5,6 

cytosol Clostridium barati accumulates until bacterial lysis GO:0005829 5 

cytosol Clostridium butyricum accumulates until bacterial lysis GO;0005829 5 

cytosol Clostridium sp. accumulates until bacterial lysis GO:0005829 6 



ACCESSION CODE ENTRY NAME ORGANISM NO. OF AA MOLECULAR WEIGHT[Da] SOURCE Sequence 

No entries in this field 



PDB ORGANISM 

lElH, download Clostridium botulinum 

1EPW, download Clostridium botulinum 

1E31, download Clostridium botulinum 

1 P82 3 download Clostridium botulinum 

1F83 , download Clostridium botulinum 

1EQH, download Clostridium botulinum 

1G9A , download Clostridium botulinum 



1G9B . download 
1G9C T download 
1G9D . download 
111 E , download 
3BTA . download 



Clostridium botulinum 
Clostridium botulinum 
Clostridium botulinum 
Clostridium botulinum 
Clostridium botulinum 



MOLECULAR 
WEIGHT 

155000 

152000 

150000 

149500 

149400 

148700 

146900 



additional 
information 



additional 
information 



MOLECULR 

WEIGHT 

MAXIMUM 



ORGANISM COMMENTARY 

Clostridium Clostridium botulinum, serotype BoNT/B, calculated from amino acid 

botulinum sequence 

Clostridium Clostridium botulinum, serotype BoNT/E t calculated from amino acid 

botulinum sequence 

Clostridium Clostridium botulinum, serotype BoNT/A, SDS-PAGE, calculated from 

botulinum amino acid sequence 

Clostridium Clostridium botulinum, serotype BoNT/A, calculated from nucleotide 

botulinum sequence 

Clostridium Clostridium botulinum, serotype BoNT/A, calculated from nucleotide 

botulinum sequence 

Clostridium Clostridium botulinum, serotype BoNT/C1 , calculated from nucleotide 

botulinum sequence 

Clostridium Clostridium botulinum, serotype BoNT/D, calculated from nucleotide 

botulinum sequence 

amino acid content <8>; comparison of amino acid sequences of H- and 
Clostridium L-chains of serotypes A, B and E <8>; comparison of amino acid 
botulinum sequences of botulinum serotype BoNT/A and tetanus neurotoxin <9,10>; 

amino acid sequence similarity of clostridial neurotoxins 

amino acid content; comparison of amino acid sequences of H- and L- 
Clostridium chains of serotypes A, B and E; comparison of amino acid sequences of 
sp. botulinum serotype BoNT/A and tetanus neurotoxin; amino acid sequence 

similarity of clostridial neurotoxins <14> 



LITERATURE 



10 



8 ,9 ,10 



14 



SUBUNITS ORGANISM COMMENTARY 



LITERATURE 



Dimer 



More 



More 



Clostridium 
botulinum 



Clostridium 
botulinum 



Clostridium 
sp. 



1 * 50000 + 1 * 102000, Clostridium botulinum, serotype BoNT/E, calculated from amino acid 
sequence, 1 * 51000 + 1 * 104000, Clostridium botulinum, serotype BoNT/B, calculated from 
amino acid sequence, 1 * 53000 + 1 * 97000, Clostridium botulinum, serotype BoNT/A, calculated * 
from amino acid sequence 

synthesized as single-chain polypeptide of about MW 150000, proteolytic activation yields 2-chain 
neurotoxin with N-terminal light (MW 50000) and C-terminal heavy chains (MW 100000) connected 
by single disulfide bonds <2,3,6>; serotype BoNT/E: single-chain polypeptide, serotype BoNT/B: 
mixture of single- and 2-chain molecules, serotype BoNT/A: 2-chain molecule <8> 

synthesized as single-chain polypeptide of about MW 150000, proteolytic activation yields 2-chain 
neurotoxin with N-terminal light (MW 50000) and C-terminal heavy chains (MW 100000) connected 
by single disulfide bonds <6>; serotype BoNT/E: single-chain polypeptide, serotype BoNT/B: - 
mixture of single- and 2-chain molecules, serotype BoNT/A: 2-chain molecule 



2,3,6,8 



POSTTRANSLATIONAL MODIFICATION ORGANISM COMMENTARY LITERATURE 

No entries in this field 

Crystallization/COMMENTARY ORGANISM LITERATURE 

No entries in this field 



pH STABILITY pH STABILITY MAXIMUM ORGANISM COMMENTARY LITERATURE 
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